Abstract: Traditional rice varieties maintained and cultivated by farmers are likely sources of germplasm for breeding new rice varieties. They possess traits potentially adaptable to a wide range of abiotic and biotic stresses. Characterization of these germplasms is essential in rice breeding and provides valued information on developing new rice cultivars. In this study, 307 traditional rice varieties newly conserved at the PhilRice genebank were characterized to assess their phenotypic diversity using 57 morphological traits. Using the standardized Shannon-Weaver diversity index, phenotypic diversity indices averaged at 0.73 and 0.45 for quantitative and qualitative traits, respectively. Correlation analyses among agro-morphological traits showed a high positive correlation in some traits such as culm number and panicle number, flag leaf width and leaf blade width, grain width and caryopsis width. Cluster analysis separated the different varieties into various groups. Principal component analysis (PCA) showed that seven independent principal components accounted for 74.95% of the total variation. Component loadings for each principal component showed morphological characters, such as culm number, panicle number and caryopsis ratio that were among the phenotypic traits contributing positive projections in three principal components that explained 48% of variation. Analyses of results showed high diversity in major traits assessed in farmers' rice varieties. Based on plant height and maturity, 11 accessions could be potential donor parents in a rice breeding
Characterization of rice germplasms increases its utility in any breeding program. The use of agro-morphological traits is the most common approach utilized to estimate relationships between genotypes [18] . This approach was employed to assess diversity on ancestral lines of improved rice varieties in the Philippines [13] , the indigenous rice in Yunnan, China [19] and the rice landraces in Nepal [18] . The conservation and characterization of these genetic resources is a necessity not only for posterity, but also for utilization in different improvement programs such as breeding for improved yield and tolerance to various stresses. It is important to assess the diversity of these germplasms materials to provide insights in the diversity of these germplasms.
Thus, this study assessed the phenotypic diversity of new rice germplasm farmers' varieties conserved at the PhilRice genebank. Information generated from phenotyping these germplasms can be used as basis for future collection trips to augment diversity in the genebank collections as well as baseline information for utilization in rice breeding programs.
Results and Discussion

Germplasm Characterization
Diversity in Qualitative Traits
Phenotyping is an important activity to evaluate the utilization of the germplasm collection in a genebank. In this study, 307 traditional rice varieties recently conserved at the PhilRice genebank were scored and measured using 39 qualitative and 18 quantitative morphological characters. These germplasms were comprised of 215 Indica, 89 Javanica and three Japonica varieties (appendix Table A1 ). Among the qualitative characters scored, ligule shape and culm kneeling ability were observed invariants. All the germplasm characterized had a two-cleft ligule shape and the culms had no kneeling ability ( Table 1) . Twenty of the qualitative traits scored were dominated by one character in each trait with a distribution ranging between 76%-95%. As a result, these twenty agronomic traits had low diversity indices ranging between 0.12-0.45. These were mainly awn-related characters such as presence, color, distribution, and type. Awn color and panicle were the lowest calculated indices (Hƍ = 0.12) because 95% of the varieties scored had no awn and 92% had a medium length panicle type. Most of the varieties had thick culms and an erect culm habit. Moderately diverse traits were observed for 15 descriptors with indices ranging between 0.46-0.74. Most of these traits were inflorescence-related traits such as panicle and spikelet characters. Diversity in caryopsis pericarp color (seed coat color) ( Figure 1 ) was also evident with all states being represented in the rice varieties evaluated. White seed coat color was the predominant state (50.5%), followed by red seed coat color (30.0%), variable purple (5.9%), light brown (4.6%) and purple (4.2%).
Four of the 39 traits scored had a high diversity with an average index of 0.87. Two of these traits were culm-related which assessed rice sturdiness during maturity and harvest. Although the predominant character was intermediate lodging resistance, 37% of the rice varieties had strong to very strong lodging resistance at the mature stage. The endosperm type trait had the highest calculated diversity index of 0.99. The reason for this is that all the endosperm type descriptors (1 = non-glutinous, 2 = Intermediate, 3 = glutinous) were identified in the characterized germplasm. Overall, the diversity in qualitative traits was low with an average index of 0.45. Several traits that were classified as low diversity might be prioritized in future collection trips to enhance their diversity in our genebank. Although not all these traits are linked to yield, some traits such as panicle and culm diameter types are useful parameters for improving yield. Wu et al., have shown that large culm rice varieties have a higher number of grains per panicle and a longer spike length [20] . 
Diversity in Quantitative Traits
The 307 varieties showed diverse phenotypes in terms of plant height, leaf blade, flag leaf culm number and panicle number, among others. Table 2 sums up the quantitative morphological characters showing the highest and lowest values measured for each character. Most of the traits had moderate (5) to high (12) diversity indices. Awn length was the only trait that showed low diversity (Hƍ = 0.02). This could be attributed to only 14 varieties exhibiting awns in their grains. Traits with moderate diversity included caryopsis (length, width and ratio) and culm descriptors (diameter and number). Culm number could be associated with yield if all tillers produced inflorescence. Culm strength and culm lodging resistance had diversity indices of 0.84. Maturity of characterized germplasm ranged from 71 to 154 days. Rice variety Inuway (CollNo. 10869) had the shortest maturity. This variety was collected in an upland ecosystem in the Aurora province. Plant height varied from 68 cm to 161 cm, observed in Kinakaw (CollNo. 10857) and Dinorado (CollNo. 11049), respectively. Dinorado is an upland variety popular in the Arakan Valley of North Cotabato known for its sweet aroma, pinkish grain and good eating quality [4] . Additionally, the majority of the farmers' varieties (82%) were >100 cm tall with an average height of 116 cm and a median of 117 cm contradicting breeders' preference of 90-100 cm tall rice varieties among other characteristics to serve as potential donor for NPT breeding program [6] . Grain trait diversity was also observed in the germplasm (Figure 1 ). Of the 307 accessions, only 14 rice varieties had awns present on the grains with their lengths ranging from 2 mm to 70 mm with the variety Burdagol (CollNo. 11083) having the longest awn. The presence of awns is considered an important trait in rice domestication. Grains of wild rice have long awns that protect the grains from animal pilfering. Some reports suggest that the presence of awns in grains aids bird resistance in agricultural crops [21, 22] . Early studies in sorghum breeding have shown that varieties with long awns or that are strongly awned are more resistant to bird attacks than varieties with no awns [23] . Awned grains along those with few tillers and long panicles were found to be the characteristics of the bulu or Javanica group within the tropical Japonica varieties [24] . On the other hand, cultivated rice varieties have short awns allowing for easier harvesting than varieties with long awns [25] . Low tillering capability (three to four tillers) was one of the criteria used by IRRI rice breeders in selecting donor parents to be used in developing NPTs of rice [8] . Tillering ability among the 307 farmers' rice varieties ranged from five to 35 tillers. Rc 18-Pula (CollNo. 11312) showed the highest tillering ability among the farmers' varieties. It is a red-coated rice variety collected in the Bohol province and considered one of the popular varieties in the area based on Bertuso's survey [26] . This variety is a rice farmer's selection in 1997 [26] from his field planted with PSB Rc 18 (has a white seed coat), a modern rice variety released in 1994 for irrigated rice ecosystem [2] . Sturdy culm was another criterion used for donor parent selection for NPTs. The majority of the germplasms characterized (96%) had thick culms with a 5 mm culm diameter. However, when rice varieties were assessed for lodging resistance, only 37% showed strong or very strong lodging resistance. This could be attributed to the plant height, a major factor in lodging resistance in rice [27] . Having a short plant structure is currently the preferred trait for improving lodging resistance in rice [28] .
In general, diversity in quantitative traits was moderate with an average index of 0.73. Nearly all the traits measured showed moderate to high diversity.
Correlation among Traits
Using Pearson's product-moment correlation, an analysis was done to assess the relationship among the morphological traits. It is useful to determine the relationship among the morphological traits since this information will be useful in the utilization of the germplasm as well in the collection of the germplasm based on the target traits. Several traits showed significant correlations (r = 0.195; p < 0.05) among each other. A heat map (Figure 2 ) was constructed to visualize the traits that had weak (r 0.35), moderate (r = 0.36-0.67) and strong (r = 0.68-1.00) correlations [29] . An analysis showed that 89% of the trait combinations had weak correlations while 10% had moderate correlations. Only the correlation between the panicle number per plant and the culm number (r = 0.998) was strong. This showed that all tillers were productive tillers and able to bear inflorescence. The panicle number per plant ranged from five to 35. Sterile lemma length and 100-grain weight showed a moderate correlation (r = 0.50). This was expected since any increase in sterile lemma length would positively affect the grain weight. A high correlation was also observed between the flag leaf width and leaf blade width (r = 0.59) indicating that an increase in leaf blade width might also result in an increase of flag leaf width. A positive correlation was also observed between flag leaf width and grain width (r = 0.40). Flag leaves are important in grain filling, as 80% of the total carbohydrate stored in the grains is produced by the top two leaves in rice [30] . These characteristics are essential to rice breeders as it has been demonstrated that the flag leaf area increased grain yield by increasing the number of spikelets per panicle [31] . Flag leaves were reported to be the major source of phloem-delivered photoassimilates during the grain-filling stage in rice [32] . Previous studies have shown that cutting of flag leaves could result to up to 45% grain yield loss [33] . A recent review by Biswal and Kohli outlined the importance of flag leaf traits in cereal breeding for drought tolerance [34] . Flag leaf sheath is one of the main sources of carbohydrate for rice grain filling under drought condition [35] .
Although the correlation analyses showed only one combination trait that had a strong correlation, there were 16 combination traits that had moderate correlations. These traits that had moderate to high correlations could be used as a basis for the utilization of these sets of germplasm for breeding purposes as well as for planning future collection trips targeting specific traits. Trait correlations can be used by breeders either to simultaneously improve correlated traits or reduce undesirable side effects when trying to improve only one of the correlated traits [36] .
Cluster and Principal Component Analyses of Rice Germplasm
The relationship among the 307 farmers' rice varieties as revealed by Unweighted Pair Group Method with Arithmetic Mean (UPGMA) cluster analysis is shown in Figure 3 . Truncating the tree at the Euclidean distance of 1.13 resulted in 24 clusters. In the truncated tree, 10 clusters had single accession, another 10 clusters had two to ten accessions; three clusters had 23-50 accessions and one big cluster had 137 accessions. The fact that 83% of the clusters formed contained one to a few accessions implied a diversity in the collection. Among the single-accession clusters, most accessions were collected from the Palawan and Kalinga provinces. The majority of these germplasms were of the Indica type while two accessions belonged to Javanica. These single-accession clusters were considered distinct from each other and the rest of the clusters. Cluster 3 (variety C-4 Dinorado; CollNo. 11317), for example, had similar traits to the accessions in Cluster 2 for most traits, such as leaf blade width type, flag leaf width, type, and erect flag leaf attitude at early stage, but differed by having very short leaf blades and horizontal flag leaf attitude at a late stage. Similarly, the variety Kinakaw (CollNo. 10857, Cluster 24) was distinct from the rest of the clusters because it had a short plant stature, the longest flag leaf length and the lightest 100-grain weight. Overall, cluster analysis provided an insight into the diversity of the collections as shown by the number of clusters formed with one to 10 members when the dendrogram was truncated at 1.13 distance. A distinct variety was separated from the rest of the germplasm pool as exemplified by the single-accession clusters.
Principal component analysis (PCA) was employed to reduce the complexity of the data set while retaining the variation within the data set as far as possible [37] . The PCA resulted in 18 independent principal components that had a cumulative explained variance of 100% (Table 3) . Following the Proportion of Variance Criterion [38] , seven principal components (PCs) were retained that had a cumulative variance of 75%. The first component accounted for 22.5% of the total variation in the data set while the second and third principal components contributed 14.5% and 10.6%, respectively. Together, these three components could explain 47.6% of the total variation in the characterized rice germplasm. Analysis of the factor loadings of the characters in the retained PCs showed that phenotypic traits that contributed to yield showed high positive loadings in PC 1 (Table 4) . These traits were culm number, panicle number per plant and caryopsis ratio score with factor loadings of 0.649, 0.651 and 0.529, respectively. These three morphological characters could have contributed to the maximum variability in PC 1 which explained 22.5% of the total variation in the data set. Among these three traits, only panicle number per plant was classified as high diversity while the other traits had moderate diversity indices. In PC 2, leaf blade length presented the highest factor loading of 0.482. This showed that leaf blade length was the major morphological character that contributed to the variation in PC 2 which explained 14.5% of the variation. In PC 3, plant height (culm length) showed a high loading of 0.454. 
Experimental Section
Germplasm Characterization
A total of 307 rice germplasms conserved at the Philippine Rice Research Institute (PhilRice) genebank which were collected from different parts of the country (Figure 4 ) were used to evaluate the genetic diversity of farmers' traditional rice varieties and landraces. Characterization of the collected rice germplasms was done at the at the PhilRice Central Experimental Station, Maligaya, Science City of Munoz, Nueva Ecija (15°40ƍ N, 120°53ƍ E, 57.6 masl) during the wet cropping season (WS) in 2009. Prior to sowing, seeds were incubated in the oven set at 37°C for 12 h to break inherent seed dormancy. Seeds were sown in a raised seedbed in the greenhouse and covered with coconut coir dust. Seven-day-old seedlings were transplanted into the field following a planting distance of 25 cm × 25 cm. A total of 20 plants per accession in three replicates were planted in the field for characterization. Agronomic characters were measured and scored following the Rice Descriptors [39] . A total of 18 quantitative and 39 qualitative characters were selected to score the germplasm collections. 
Data Analyses
Descriptive statistics was done using PROC UNIVARIATE procedure in SAS ver. 9.3 (SAS Institute, Cary, NC, USA [41] ). Correlations among morphological traits measured were analyzed using PROC CORR procedure in SAS. Shannon-Weaver diversity index (Hƍ) was used to calculate the phenotypic diversity of the characterized farmers' varieties following the protocol used by Sotto and Rabara [42] . An arbitrary scale was adapted from Jamago and Cortes [43] The standardized Shannon-Weaver provided a constrained index between zero and one with the highest value indicating maximum abundance [44, 45] . Multivariate statistical analyses of characterization data were conducted using principal component (PCA) and cluster (CA) analyses. PCA was employed to identify the different morphological characters that contributed to the most variance in the measured variables. In PCA, the raw data were standardized and the distance matrix using the variance-covariance coefficients was computed. The Proportion of Variance criterion was used to identify the different principal components that contributed to the total variance in the dataset [23] . PCA and CA were done using NTSYSpc version 2.1 software [46] . The distance matrix was generated using the Euclidean Distance Coefficients and was used as input for clustering using the unweighted pair group of arithmetic means (UPGMA) method.
Conclusions
Phenotyping of germplasm materials is an important undertaking in genetic resource conservation to ensure efficient conservation management as well as its effective utilization especially in breeding programs. In this study, 307 rice varieties were characterized to assess their phenotypic diversity. Diversity analyses showed that 46% of the qualitative traits scored had low diversity indices compared to only 5% in quantitative traits. Overall, the rice germplasm showed moderate diversity based on quantitative characters (average index of 0.73). In contrast, the qualitative characters had a low diversity (average index of 0.45). In comparison to other landraces collections, the diversity in qualitative traits of our germplasm was higher than what Bajracharya et al., observed in the landraces from Nepal [18] . The complete qualitative data set of our collection is available in appendix Table A1 .
In order to enrich the diversity of qualitative traits in our collection at the PhilRice genebank exploration trips may be conducted. Collection gaps should be identified in the genebank's germplasm collection and should be prioritized in future collection trips. An emphasis on farmers' varieties that have been planted in a community for several generations should be considered when planning for collection trips. It should also considered to look for diversity in qualitative characters that have shown low diversity indices such as presence of awns, panicle type, and culm habit type among other characters. Other factors that can be considered during collection of these rice germplasms are the characters that have high correlations with other characters. Collecting diversity for certain traits or characters could also lead to a high diversity if the characters are highly correlated.
The success of any conservation program could also be measured by the amount of which these genetic resources are being utilized. Data generated from characterization of these 307 rice varieties can be utilized as baseline information for the utilization of these germplasms for any rice breeding program such as breeding for ideoypes. For example, 37 accessions meets the plant height criterion (90-100 cm) for NPT among which 11 accessions also meets the maturity requirement (110-120 days). Short stature variety was one of the criteria to select a variety for use in a breeding program to address lodging. The optimal growth duration to achieve maximum yield is about 120 days [8] . A linear increase in total biomass had been observed when the growth duration was increased from 95 days to 135 days [47] . Efforts should be invested in promoting various stakeholders in rice production to utilize these germplasms. Effective utilization of these germplasms can be enhanced if these materials are fully characterized and evaluated for their potential use in breeding programs. Evaluation of these germplasms should be conducted to assess their potential as donor parents for the breeding of new varieties with improved responses to various abiotic and biotic stresses. Broadening of the genetic base through utilization of diverse germplasms in breeding for new rice varieties may be able to break the yield barrier that rice breeders are currently trying to address. Table A1 . Cont.
